Extrapolations of numerical data obtained from finite cluster calculations to the infinite volume limit can often give incorrect results. We discuss 
necessarily requires a correlated description for the π-electrons 2, 3 . The entire discussion of TPA has, however, so far been limited to the energy of the 2A g state. Here we extend this discussion to the question of the intensity of the TPA to the 2A g (and other low lying A g states) as a function of the chain length N.
This discussion will be in the context of the extended Hubbard Hamiltonian,
where all operators and parameters have their usual meanings. We begin with the U = V = 0 limit. In Fig. 1 we show the occupancies of the highest two valence band levels and lowest two conduction band levels for the 1A g (the ground state), the 1B u , the 2A g and the 2B u for arbitrary N. TPA is given by the third order nonlinearity χ (3) (−ω; ω, ω, −ω) ≡ χ
T P A , χ
T P A = j,k,l 1A g |µ|jB u jB u |µ|kA g kA g |µ|lB u lB u |µ|1A g (ω jB u − ω)(ω kA g − 2ω)(ω lB u − ω) + · · · (2) where µ is the dipole operator. Conventional wisdom has been that TPA occurs every time an energy denominator goes to zero in Eq. (2) . We show below that this is not true.
The intensity of the TPA to the 2A g was calculated exactly for U = V = 0 and for N = 6, 8, 10 and 12, typical chain lengths for which calculations are done for nonzero U and V. As seen in Fig. 2 ., TPA intensity increases with N here, suggesting a large finite TPA intensity for N → ∞. This, however, is incorrect.
The model in Eq.
(1) has charge-conjugation symmetry, which implies that for every single-particle valence band level at energy -ǫ there exists a conduction band level at ǫ. In the infinite chain, dipole allowed absorptions occur only between these symmetrically placed molecular orbitals, in agreement with k-conservation. Thus for TPA to any intraband A g state, only two "symmetric" B u states need be considered. For the 2A g , these two B u states are the 1B u and the 2B u . For any N, the absolute values of the transition dipole moments 2A g |µ|1B u and 2A g |µ|2B u are equal, while because of the fermion character of the electron the products 1A g |µ|1B u 1B u |µ|2A g and 1A g |µ|2B u 2B u |µ|2A g are of opposite signs. At N → ∞, these two products become equal in magnitude, while having opposite signs. This implies that the contribution to χ (3) in Eq.(2) by the 2A g vanishes 4 , and the TPA intensity to the 2A g and other band edge two-photon states is zero for N → ∞.
We emphasize that the above analysis does not imply a zero intensity for the total TPA to intraband two-photon states. Even with the restriction to "symmetric" B u states, there can be very weak TPA due to relatively high energy A g states that are slightly removed from the band edge. For example,
one can have such a high energy intraband A g state that is coupled to the 1B u and a B u state that requires excitation from deep inside the valence band to deep inside the conduction band. Because of the small nonzero energy difference between the two B u states now, the cancellation is no longer total.
Weak TPA to states away from the band edge is expected, and explains the shift of the TPA to higher energy from the optical band edge in the long chain 5 . Nevertheless, at infinite N, TPA to band edge two-photon states goes to zero, in contradiction to the prediction form Fig. 2 . Since calculations of correlated chains are limited to the region where TPA increases with N, the integration of these two contradictory results is an important issue.
For the noninteracting case TPA can be calculated for arbitrary N.
In Fig. 3 we show the TPA intensity to 2A g as a function of N. It is seen that the TPA intensity does go to zero at very large N, but only after a maximum is reached. Thus calculations near N = 10 predict qualitatively incorrect results. On the other hand, once the mechanism is understood, one can probe the N-dependence of |S − /S + |, where S − and S + are the negative and positive contributions to the TPA. This is shown in Fig. 4 , where the expected N-dependence is observed.
We are now in a position to calculate TPA to 2A g in long correlated
chains. We have adopted the novel configuration interaction (CI) approach of Srinivasan and Ramasesha 6 for the interacting Hamiltonian of Eq. (1), with a cutoff 4t in the energies of single-particle configurations. The approach can give the 2A g below the 1B u even in long chains. In Table 1 B. The bond-alternation problem in the one dimensional half-filled band
Within the Su-Schrieffer-Heeger Hamiltonian,
bond-alternation in the infinite polyene is unconditional. Coulomb interactions can enhance this bond alternation. For long range Coloumb interactions H ee of the form ,
two sharp inequalities give the ground state broken symmetry 10 . For off-site Coulomb parameters that obey the convexity condition, V j+1 +V j−1 > 2V j , the ground state can only be a bond-order wave (BOW) with alternating bonds or a charge density wave (CDW) with a periodic modulation of the on-site charge density. The dominant broken symmetry is given by the inequality, 
where the R j are the distances between the polysilane "sites", and are taken This same mechanism can explain "pairing" in higher dimension. In Fig. 8 we show the results of our calculation for the simple cube, and for various distorted forms. For the undistorted simple cube, we merely reproduce the results of White et al. 17 , -two distinct regions are found in which pairing is seen to occur. For the cube stretched along one axis, we see that the pairing still exists. This is not the Jahn-Teller mode for the cube, the noninteracting limit still having degeneracies. However, the pairing at small U has disappeared for both the Jahn-Teller distorted cube as well as the structure with all three hopping integrals different. This clearly indicates the relationship between pairing and the degeneracies in the single particle limit. We have once again calculated the effect of the correlation parameter U on the Jahn-Teller distortions. The result is identical to that in Fig. 7 , the tendency to distort is almost unaffected for the 7 electron system, but for the 6 electron system this is strongly suppressed. The mechanism of pairing at small U in the cube is then the same as in the 4n ring. In the absence of distortion, the energy to add one hole or electron is being overestimated.
We have repeated such calculations for a number of three dimensional molecules, and have found the following. For an N site system, pairing at small U occurs only if the (N − 1) (or (N + 1)) electron system has a strong tendency to have a Jahn-Teller distortion. Thus the mechanism of pairing at small U in all these case is related to the suppression of Jahn-Teller distortion.
Since the Jahn-Teller distortion results from the discrete level degeneracies in finite molecules, we conclude that the observed pairing in in the small U region in similar calculations is a finite size effect. For large U and V, the quarter-filled band is a CDW. The configuration with one extra particle is as shown in Fig. 9 . This has configuration interaction with a higher energy configuration which is at energy 2V relative to it. If, however, one adds two particles which occupy neighboring empty sites in the CDW, the lowest energy configuration has configuration interaction with a configuration that is at an energy V relative to it. Thus, CI should give pairing in two dimension, though not in one dimension. This was actually numerically demonstrated by Mazumdar and Ramasesha 19 . The fallacy in this argument becomes clear once three particles are added to the system as shown in Fig. 9 Now, the lowest energy configuration has CI with a configuration at the same energy, so that a cluster of three particles is favored over a cluster of two and an isolated particle. Similar qualitative arguments favor phase segregation in related models. Thus, once again, thus, the pairing found within such calculations is a finite size effect.
III. Conclusions
The major conclusion of this presentation is that there are many different finite size effects, and even when a given approach is satisfactory for the determination of one property of a given class of materials (e.g., the energy of the 2A g in the infinite conjugated polyene), it does not necessarily mean that the same approach is satisfactory for other properties (in this case ground state bond alternation and the intensities of TPA). Finite size effects should be investigated for each different problem separately. Probably the most useful approach to avoid the pitfalls is to have a physical and intuitive mechanism of the effect in question in mind. However, this can hardly be prescribed as a general approach. One simple way to investigate finite size effects is to carefully investigate the size dependence of the property in question within the noninteracting model, for which calculations can be done for arbitrary sizes. Even though this procedure is simple (and an obvious step), finite correlated clusters are often compared to the infinite noninteracting system, simply because the latter is understood. Such a procedure can, and often does, erroneously ascribe effects due to finite size to correlations. Table   Table 1 
